ABSTRACT SPLITTSTOESSER, D. F. (Cornell University, Geneva, N. Y.), R. WRIGHT, AND G. J. HUCKER. Studies on media for enumerating enterococci in frozen vegetables. Appl. Microbiol. 9:303-308. 1961 .-A study was made of the relative sensitivity and specificity of presumptive and confirmatory media for the most probable number enumeration of enterococci in frozen vegetables. Azide dextrose broth yielded the highest numbers of confirmable enterococci and its sensitivity was shown to be comparable to nonselective media. The use of ethyl violet azide broth as a confirmatory medium resulted in a significant number of false positive tests. Growth in broth containing 6.5% sodium chloride incubated at 45 C for 2 days was found to be a more specific confirmatory test for enterococci.
There is a divergence of opinion with regard to the significance of the presence of enterococci in frozen I Approved by the Director of the New York State Agricultutral Experiment Station for publication as Journal paper no. 1237, October 4, 1960. foods. To clarify the question of their sanitary implications there is need for further information on the accuracy of the various methods used for their enumeration.
A number of procedures have been used for determining the most probable number (MPN) of enterococci in frozen foods. In general, the methods are based on the same principle as those used to demonstrate the presence of the coliform types, i.e., growth in a presumptive medium followed by confirmatory tests. For the presumptive tests most workers have used a medium containing sodium azide as the selective agent. Confirmation procedures have been based either on the so-called "Sherman tests" (Sherman, 1937) or growth in ethyl violet azide (EVA) broth (Litsky, Mallmann, and Fifield, 1955) .
The suitability of the various media for determining the MPN of enterococci in precooked frozen foods has been evaluated by Zaborowski, Huber, and Rayman (1958) , and Fanelli and Ayres (1959) . Zaborowski et al. (1958) found that azide dextrose (AD) broth as a presumptive medium yielded the highest most probable number of counts. Also they reported 100 % confirma-tion using EVA when one-tenth dilutions of the original samples were inoculated into this medium. Comparative sensitivity of presumptive media was determined by inoculating a series of tubes of each medium with a decreasing inoculum of pure strains of Streptococcus faecalis. The medium producing growth from the smallest inoculum was considered the most sensitive.
Media and general procedure. The following presumptive media were investigated: S. faecalis (SF) medium (Hajna and Perry, 1943) , buffered azide glucose glycerol (BAGG) broth (Hajna, 1951) , enterococcus presumptive (EP) broth (Winter and Sandholzer, 1946) , AD broth (Rothe, 1948) , and thallous acetate (TL) broth (Barnes, 1956) . Confirmatory media included EVA broth2 and Tryptone glucose yeast extract (TYGE)3 broth containing 5.4 % sodium chloride.
In addition to the above confirmatory tests the cultures isolated in many instances were subjected to additional tests based on the criteria of Sherman (1937) , i.e., growth at 10 and 45 C, production of ammonia from arginine (Niven, Smiley, and Sherman, 1942) , and growth in pH 9.6 (Chesbro and Evans, 1959) .
The organisms that failed to confirm as enterococci were examined for gas and dextran production and for the ability to hydrolyze starch. Gas production was determined in tomato dextrose (TD) broth (Pederson and Albury, 1955) containing 0.1 % Tween 804 and 1.5 % glucose, a vaspar seal being used to trap the gas. Synthesis of dextran was detected by growing the isolates in sucrose gelatin stabs incubated at 21 C. Starch hydrolysis was determined by flooding starch agar plate cultures with Lugol's iodine. Enumeration (selectivity) procedures. Frozen vegetables, stored 6 months or longer, were obtained from commercial sources. Eleven-gram samples were weighed into sterile blender jars containing 99 ml ot water and blended 1 min. One-milliliter amounts from appropriate dilutions were inoculated into 5 replicate tubes containing 10 ml of the presumptive broth. The inoculated tubes were incubated for 48 hr as follows: SF, BAGG, and EP at 45 C (water bath); TL and AD at 37 C. Growth from positive tubes was transferred to the 6.5% NaCl broth (one drop) and to EVA broth (3 loopfuls). The NaCl broth was incubated 5 days at 45 C; the EVA broth for 48 hr at 37 C. In instances where growth was obtained in EVA but not in NaCl broth, a transfer was made from the EVA cultures to a second tube of NaCl broth.
RESULTS
Relative sensitivity of presumptive media. In early experiments pure cultures were used to compare the relative sensitivity of the five presumptive media indicated above. In these studies the highest decimal dilution of a 24-hr broth culture that produced growth in the presumptive media was compared with the similar titer in nonselective TD broth and with the plate count on TGYE agar. As shown in Table 1 , four cultures produced comparable counts in all media. Cultures 6057 and 255, however, yielded significantly lower figures in TL broth. Lower counts also had been secured with TL broth in some of the early studies on frozen vegetables. As a result is was concluded that this medium was less sensitive than the other presumptive media and therefore it was not included in further studies.
Relative selectivity of enumeration procedures. Enumer- BAGGt EP SF TL AD TD TGYE$ 8043 -10 -9 -9 -9 -9 -9 1.3 X 109 6057 -8 -9 -9 -6 -9 -8 2.7 X 108 255 -9 -8 -8 -5 -9 -9 1.7 X 108 1 -8 -8 -9 -9 -8 -8 1.9 X 108 18 -9 -8 -9 -8 -8 -8 4.7 X 108 24 -9 -9 -9 -8 -9 -9 1.0 X 108 * 8043 and 6057 are ATCC cultures; 255 was isolated from spoiled meat; 1, 18, and 24 were isolated from frozen vegetables. ation methods were next evaluated from the standpoint of their relative specificity through a comparison of counts obtained from frozen vegetables. In addition to evaluating the enrichment properties of the presuinptive media, information about the specificity of EVA broth was obtained by using 6.5 % NaCl broth as a second confirmatory medium. The results (Table 2) show that although recoveries obtained with the different media varied somewhat with the sample, AD broth usually provided the highest counts. An analysis of variance of these data combined with a calculation of the least significant differences indicated that when EVA broth served as the basis for confirmation, AD broth yielded significantly higher counts than the other media.
A number of cultures which produced growth in the EVA broth failed to develop in the sodium choride at 45 C and therefore the figures based on the latter method of confirmation frequently were lower (Tab e 2). A statistical analysis indicated there was no significant difference in the specificity of the four presumptive media when the cultures were confirmed in the sodium chloride broth.
The observation that sodium chloride broth confirmed fewer presumptive tests than EVA broth suggested that either many enterococci could not grow in the presence of 6.5 % sodium chloride at a temperature of 45 C or streptococci other than enterococci were capable of growth in EVA broth. To investigate this further, in a number of trials pure cultures were isolated from all EVA tubes exhibiting growth. The isolates were subjected to the following additional tests for enterococci: growth at 10 and 45 C, in 6.5% NaCl broth at 37 C, in pH 9.6 broth and reduction of litmus milk. The results of a typical trial are illustrated in Table 3 . It can be seen that most of the isolates from the EVA cultures did not fulfill the Sherman criterion for enterococci. When the organisms were cultured in TD broth sealed with vaspar, copious gas was produced. This indicated that leuconostoc species were responsible for the false positive tests obtained in this trial. [Proof that these leuconostoc isolates had actually grown in EVA broth was obtained by reinoculating the purified cultures into this medium (Table 3 ).] False positive confirmations in EVA broth were found in every trial where cultures were isolated and subjected to the "Sherman tests." The actual numbers of enterococci in these vegetable samples were only a fraction of that indicated by growth in EVA broth (Table 4 ). The nonconfirmable organisms could not be distinguished from enterococci by microscopic examination and they frequently formed a purple pellet in EVA broth. The results in Table 4 also show that while confirmation in the 6.5 % NaCl broth eliminated the false positive tests, some enterococci failed to grow under these conditions. It is apparent that the number of false positive tests was reduced by using SF broth as the presumptive medium. However, this broth did not yield as many confirmable enterococci.
The isolates that did not appear to be enterococci were examined for gas production, starch hydrolysis, and the production of ammonia from arginine. In addition to the leuconostoc, other cocci were found to be responsible for false positive confirmations in EVA broth. The nonconfirmable organisms seemed to fit into three groups: species of leuconostoc, viridans streptococci, and a group not resembling any described type of streptococcus (Table 5) .
Many of the isolates in the third group resembled enterococci in that they grew in the sodium chloride and pH 9.6 broths. They differed in that all failed to grow at 45 C and to produce ammonia from arginine. Although 11 of the cultures reduced litmus milk, only 1 produced a curd after incubation for one week at 37 C. The remaining three cultures produced no detectable change in litmus milk. Ten of the cultures formed relatively large, slightly yellow colonies on the surface of TGYE agar. All of the isolates were catalase negative and microscopic examination revealed that chains over eight cells in length were common.
The observation that AD broth often yielded greater numbers of enterococci than SF broth (Tables 2 and 4) suggested that the two media might have selected for different types. Therefore, a total of 63 enterococcus cultures isolated via the two media were compared with respect to their growth in litmus milk, sorbitol broth, 
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and on TGYE agar containing 0.04 % potassium tellurite. These studies did not demonstrate differences that could be correlated with the source of the isolates. Thus, the cultural reactions of the organisms responsible for the higher counts obtained with AD broth were not unlike those of the organisms isolated from SF media.
A difference in the enterococci selected by the two media was demonstrated, however, when a comparison was made of the number of cells necessary to initiate growth in SF and AD broth. In these studies the1 two media were used to enumerate the number of viable cells in 24-hr TGYE broth cultures of various isolates. As shown in Table 5 , many of the cultures exhibited a marked difference in their ability to initiate growth in SF and AD broth. Cultures originally isolated via AD broth required large inocula to initiate growth in SF broth, whereas, for the most part, cultures isolated from SF broth grew equally well in both media. This difference in the cultures is emphasized by the ratio of plate to MPN counts shown in Table 6 . Assuming that the counts on TGYE agar were close estimates of the true populations, the data indicate that with some cultures a mass inoculum was necessary to initiate gr wth in SF broth.
The inhibitory effect of SF media on the growth of enterococci was found to be related to the incubation temperature. As shown in Table 7 , SF broth cultures incubated at 37 C yielded counts comparable to those obtained with the AD medium. At the same time, an incubation temperature of 45 C did not reduce the counts obtained with AD broth. These results may indicate an interaction between temperature and azide concentration because a major difference between the two media is that SF broth contains two and one-half times more sodium azide.
DIscussIoN
The results obtained in the comparisons of presumptive media for the detection of enterococci in frozen vegetables agree with the results of the workers who have made similar studies on precooked frozen foods; that is, with most of the vegetable samples AD broth yielded the maximal numbers of confirmable organisms.
It would appear that these counts were close estimates of the actual number of enterococci present because in pure culture studies (Tables 6 and 7) , the numbers obtained with this medium usually were similar to those obtained in nonselective media.
The findings that all of the vegetable samples examined (Table 4) classes of foods. The fact that the nonconfirmable streptococci were present in all samples and were always isolated from the highest dilutions indicates they commonly outnumber the enterococci as contaminants of vegetables. With the prepared foods, the numbers of these organisms may be greatly reduced by the cooking process.
The results of this investigation indicate that some method other than the use of EVA broth must be used foi confirmation of presumptive enterococcus cultures when working with frozen vegetables. The fact that 35 out of the 43 false positive isolates could not grow at 45 C (Table 5) suggested that incubating the EVA cultures at this temperature might solve the problem. However, in one trial many of the confirmed enterococci failed to initiate growth in EVA broth at 45 C.
Many of the nonenterococcus types could be eliminated by using 45 C instead of 37 C as the incubation temperature for the azide dextrose presumptive cultures. Additional studies may show that this is a feasible solution as the results obtained with several cultures (Table 7) showed that raising the temperature did not reduce the recoveries in this medium.
At the present time, the ability to grow in 6.5 % sodium chloride and on incubation at 45 C appears to be the most reliable confirmatory procedure for enterococci in frozen vegetables. Although not all of the enterococcus isolates were able to initiate growth under these conditions, the counts most closely approximated those established on the basis of the Sherman tests (Table 4) .
